Objective-To measure the time to spontaneous resolution of severe chronic otitis media with effusion (glue ear) in children and study the effects of adenoidectomy, adenotonsillectomy, and ventilation tubes (grommets).
Introduction
Chronic otitis media with effusion, or glue ear, is the commonest reason in children for elective admission to hospital for surgery. Possible treatment includes myringotomy with or without insertion of a ventilation tube (grommet) either alone or with adenoidectomy and occasionally tonsillectomy. The criteria for surgical intervention are uncertain, and the decision to operate has always been considered difficult in view of the high rate of spontaneous resolution.' This is particularly associated with the child's age and the presence or absence of intercurrent infection, which is often seasonally related.
No data are available to show how long fluid persists in severe cases that would normally have been listed for surgery. This randomised controlled study began in August 1979 , and recruitment continued until June 1986. Most of the children were referred by senior clinical medical officers (audiology). Some were direct referrals from general practitioners. The study was designed to show the outcome of chronic glue ear not submitted to any surgical treatment compared with that treated by adenoidectomy and adenotonsillectomy. Insertion of a ventilation tube in only one ear enabled us to assess this procedure both alone and in combination with adenoidectomy and adenotonsillectomy. In 1983 the initial results after 12 months were reported, which showed the effects with assessment by otoscopic examination.2 In 1986 the results at 12 months were reported with tympanometry and audiometry. 3 The design of this study is now well known and has been analysed by other workers.4 This report presents the long term findings up to 12 years after inclusion in the study.
Subjects and methods
The methods have previously been reported.23
District ethical committee approval was given and informed consent obtained from the parents. There were five entry criteria: (a) age between 2 and 11 years (but none were over 9); (b) pronounced subjective hearing loss; (c) pneumatic otoscopic outcome in an unoperated ear in a group of children who did not receive surgery to either the tonsils or adenoids. In effect, this group of ears represents the natural history of the untreated condition. These data can be compared with the outcome in ears treated with a ventilation tube or adenoidectomy or both. For the purposes of analysis the children who received adenotonsillectomy were grouped with those receiving adenoidectomy alone. Homogeneity was maintained. During follow up of the 228 children six were excluded because they moved out ofthe area or because of poor attendance. Of these, four were from the no surgery group and two from the adenoidectomy group. Of the final 222 children, 139 were in the adenoidectomy and adenotonsillectomy group and 83 in the no surgery group. Table I preoperatively was added to the three months of observation and to the duration of the condition postoperatively to give an overall estimate. Because of missing data on preoperative loss of hearing three cases of adenoidectomy and six of no surgery were excluded from the survival analysis. Hence 135 cases of adenoidectomy and 77 of no surgery were considered. Because of the fluctuating nature of the condition strict criteria were required for defining the time when the fluid ceased to persist; when type B tympanograms changed to type A, C1, or C2; and when an observation was stopped. Each ear of each child was investigated separately, thus enabling the comparison of four different types of ear: unoperated, ventilation tube alone, adenoidectomy alone, and adenoidectomy in combination with a tube.
Fluid was said to persist until the ear was reported otoscopically dry or there was persistence of A, C 1, or C2 tympanometric peaks on consecutive visits for a period in excess of 12 months. The time was taken to be half way through the interval incorporating the change -for example, for a child in whom fluid was reported at year 3 but not at years 4 and 5 the fluid survival time was estimated to be 3-5 years.
Data from children whose ears contained fluid at the final assessment or at the last assessment before they were lost to follow up were excluded. Data were also excluded when the child developed severe obstructive symptoms from enlargement of the adenoids or tonsils, often with sleep apnoea that required surgical treatment, and when surgery was required to the unoperated ear-for example, insertion of a ventilation tube for severe collapse of the tympanic membrane or for treatment of cholesteatoma. Eleven children were excluded because of severe problems in the operated ear, which was treated by insertion of a long stay Goode type tympanostomy tube instead of a Shepard tube.
Obviously excluding more severe cases results in bias because the remainder are less severe. Table II , however, shows that most excluded cases were from the no surgery group. The principle of intention to treat was not used in this analysis as the purpose was evaluation of the untreated condition and the effects of treatments rather than their feasibility.
During the follow up period there were only five ears in which fluid recurred and persisted for at least one year after they had been clear for at least one year. All had been operated on, four of them by combined adenoidectomy and insertion of a tube and one by insertion of a tube only.
STATISTICAL ANALYSIS
The mean number of tubes inserted and the mean follow up time for each group were compared by using Student's t test. Survival analysis was carried out with the Kaplan-Meier product limit method, and the log rank test was used to test the significance of differences between the treatment groups. Potential prognostic factors were investigated with Cox's proportional hazards regression model. Regression coefficients were exponentiated to produce estimated relative hazards. We calculated 95% confidence intervals for these hazards and used X2 to test the overall significance of the association of the categorical variables with survival. Prognostic factors for mean hearing thresholds were tested for significance with analysis of covariance. All the statistical computations were performed with the SAS software system.6
Results
The number of insertions of Shepard ventilation tubes was recorded for each child, and it became apparent that ears treated with tubes alone required significantly more tubes (mean 2A48, SD 1-39) than BMJ VOLUME 306 those receiving tubes in combination with adenoidectomy (1P52, 0-85; p=0 0001). This was in spite of a longer mean time till exclusion or end of follow up for the adenoidectomy cases. Follow up irrespective of exclusion was equivalent in the two groups (nonadenoidectomy cases mean (SD) 7 0 (2 5) years and adenoidectomy cases 7 2 (2 6) years; p=0 7).
DURATION OF GLUE EAR
The survival curves for both otoscopic (fig 1) and tympanometric assessments (fig 2) clearly show that fluid remains longest in the no surgery group. This is followed by the ventilation tube only group and the adenoidectomy only group, whose survival curves are not significantly different. The combined adenoidectomy and ventilation tube groups had the shortest duration of glue ear. models. Sex is also included as a controlling factor, although it was not significant.
The variables were categorised ( Once again parental smoking was detrimental to the clearance of fluid, and the sex of the child was not significant. Those The improvement in mean hearing threshold since the preoperative assessment was calculated for each child at each follow up. Table VI shows the mean results and the maximum possible number of valid observations for each group at each time point. These decline due to exclusions made during follow up.
Analysis of covariance for possible factors affecting mean hearing thresholds was carried out for each of the four different types of ear. Age at onset of hearing loss, sex, parental smoking, postnasal airway size measured by radiography, and duration of preoperative hearing loss were not significant. Each model included presence or absence of fluid, presence or absence of tympanometric peak, age at operation (mean (SD) (112) years), and size of adenoids measured by radiography (1-48 (0 29) cm) . Follow up at seven and 10 years was excluded from this analysis because of the small amount of data for the models.
For all groups the main determinant of improvement in mean hearing threshold was the otoscopic presence or absence of fluid. The resolution of fluid made a difference of between 4-2 (SE 4 4) dB and 21 2 (4 2) dB. The improvement was significant at the 5% level on at least four of the six follow ups considered for each type of ear.
The presence of a peak was also shown to be significantly beneficial on several occasions, particularly in the adenoidectomy only group (maximum effect 7-6 (SE 2 4) dB). Age at operation was found to be significant only for the adenoidectomy only group, with those who were older at operation facing a minor disadvantage (about 2 dB) between three and five years postoperatively.
Size of adenoids affected the gains in mean hearing thresholds of only those children receiving adenoidectomy. An improvement of up to 13-1 (SE 2 6) dB was shown per cm size of adenoids removed.
Discussion
Our previous work23 and that of others7 has shown the spontaneous resolution of glue ear in the short term. Our previously reported resolution rate at two to three years8 was similar to that of Leiberman and Bartal,9 who found clearance in 31% of 158 children with middle ear effusions untreated for two and a half years. No data exist for outcome of the untreated chronic condition followed for more than five years. Our study shows the long term spontaneous resolution of severe glue ear in children. They had a history of hearing loss for an average of 18 months. Fluid was present in both ears at three examinations over three months and was confirmed by a validated otoscopist and by tympanometry. Nevertheless, without any treatment the condition improved as time passed.
As seen from table VI, the recall rates at five years were between 74% and 84%, at seven years between 51% and 64%, and at 10 years between 29% and 35%. They were low in the later years partly because recruitment continued until 1986 and partly because of non-attendance.
Survival analysis showed similar improvements in otoscopic clearance and tympanometric change as a result of treatment with a ventilation tube alone or after adenoidectomy alone compared with no surgery. Further improvement resulted from the combination of both adenoidectomy and insertion of tubes. The median duration of glue ear assessed otoscopically reduced from 6 1 years without surgery to 3-5 years with tubes, 3*4 years after adenoidectomy, and 2-3 years with the combination of adenoidectomy and nasopharynx and base of the skull in children with glue ear, and these are probably related to age and growth. '4 This study was designed to evaluate the effect of adenoidectomy and adenotonsillectomy compared with no surgery and thus the data on effectiveness of treatment with ventilation tubes are somewhat a byproduct. During the follow up a mean of 2-48 (1-39) tubes were required to maintain adequate hearing ability in those treated with tubes alone compared with a mean of 1-52 (0-85) in the children also receiving adenoidectomy. The two ears may not react identically with respect to insertion and reinsertion of tubes. In this study the overall need for reinsertion may have been higher, particularly in the no surgery group, than ifbilateral tubes had been used instead of one tube.
RECOMMENDATIONS
Based on the data from this and other work we can suggest certain recommendations for the clinical management of children with severe established glue ear.
Owing to the spontaneous resolution seen before and after operation all children with glue ear should be examined with pneumatic otoscopy and tympanometry on at least two occasions over three months before the decision to operate is made.
The decision to combine adenoidectomy with insertion of tubes should consider the additional morbidity and mortality and also -the probable need for an overnight stay in hospital for adenoidectomy compared with a day case admission for tube insertion alone.
The child's age is important in relation to adenoidectomy. With increasing age the operation is more effective in resolving glue ear than in younger children,'3 in whom such surgery may also be contraindicated for more general reasons of increased operative risk.
Initially insertion of tubes alone would be advisable in younger children with established glue ear unless there is coexisting gross adenoidal enlargement and chronic nasopharyngeal obstruction. Parents should, however, be advised that repeat treatment may be required, particularly when insertion is carried out alone.
Adenoidectomy will considerably reduce the overall duration of glue ear. Furthermore, it can be recommended more confidently in older children. 
Subjects, methods, and results
Altogether 178 volunteers aged 18-30 were studied. The studies were approved by the ethics committee, and all volunteers gave written informed consent. On recruitment to the first study 92 healthy subjects rated their mood and performed various tasks (a variable fore period simple reaction time task, five choice serial response task, repeated numbers detection task, free recall test, delayed recognition memory test, logical reasoning test, focused attention task, and categoric search task) that have been described previously. 23 Subjects who developed a symptomatic infection of the upper respiratory tract were retested while ill and again one month later when asymptomatic. Subjects who remained healthy (controls) were retested two and three months after recruitment. On recruitment to the second study 86 subjects, some of whom had symptomatic infections, rated their mood and performed 10 minute versions of the simple reaction time task and serial response task. Subjects were retested one month later.
A nasopharyngeal swab and blood sample for virological testing were collected from all symptomatic subjects, and a blood sariple was collected from convalescent subjects four to six weeks later. A nasopharyngeal swab or paired serum samples, or both, were collected from healthy subjects. All specimens were coded before virological testing. Analyses of covariance were carried out in the first study, and t tests were used in the second study.
In the first study four of the 26 subjects with symptomatic infections had influenza B and showed a 38% increase in the mean time taken for the variable fore period simple reaction time task, from 320 (SD 24) ms when recruited to 440 (SD 90) ms when symptomatic. One month later, when the subjects were asymptomatic, their reaction time had fallen
